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(57) Abstract 



Pectin, obtained by extraction of chicory or Jerusalem artichoke material, having the following characteristics: an average molecular 
weight of 30-2000 kDa, an arabinose content of 2-30 mol %, a galactose content of 5-20 mol %, a rhamnose content of 1-15 mol %, a 
galacturonic acid content of 30-85 mol %, a degree of methylation (of the galacturonic acid units) of 20-80 %, a degree of acetyJation (of 
the galacturonic acid units) of 1-50 %. The novel pectin is an excellent emulsifier and can also be used as a binder, as a surfactant and as 
dietary fibre. 



FOR THE PURPOSES OF mFORMATlON ONLY 
Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega] 


AU 


Australia 


6A 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Kfonaco 


TD 


Chad 


BA 


Bosnia and Heizegoxina 


GE 


Georgia 


MD 


Republic of Moldova 


T6 


Togo 


BB 


Barl>ado5 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turianenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Tlukey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ifreland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazi] 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Caaada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


VietNam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zfanbabwe 


CI 


Cate d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DS 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 









wo 99/03892 



1 



PCT/NL98/00407 



Novel pectin 

The invention relates to a novel pectin having improved emulsifying and surfactant 
properties. 

Pectin is a naturally modified polysaccharide, essentially made up of regions containing 
5 polygalacturonic acid chains and regions containing chains which consist alternately of 
rhamnose units and galacturonic acid units, with side chains which mainly contain 
arabinose units and galactose units. The acid groups of the galacturonic acid units have 
been partially estcrified with methanol and some of the hydroxyl groups thereof have 
been acetylated. It has a molecular weight of the order of 30,000 to 2,000,000, Pectin is 
10 widely used in foods, in particular as a thickener, gelling agent and emulsificr. Pectin is 
usually obtained from apples and citrus fruits. 

Pectin originating from sugar beet is described in EP-A-426434. It is obtained by acid 
or basic extraction of sugar beet material at high temperature (about 160 "^Q, followed 
by centrifuging and ultrafiltration. It differs from apple pectin and citrus pectin in that 
15 it has, inter alia, a relatively low molecular weight, a high degree of acetylation and a 
low viscosity. Diverse food ^plications are proposed, including use as an agent for 
lowering cholesterol. 

Extraction of pectin from sugar beet at about 95^C and pH 3 is described in DE-C- 
4313549. Precipitate formation is not employed, as a result of which a pectin having a 
20 large number of short chains is obtained. It is proposed as a foam stabiliser. 

It has now been found that a pectin which has a number of characteristics which make 
it more interesting than other pectins can be obtained industrially from roots and pulp 
of Asteraceae (Compositae) plants, especially chicory and Jerusalem artichoke, most 
particularly chicory. 

25 Chicory is a crop plant that is cultivated in its various varieties as a vegetable ("witloof 
chicory") and as a source of inulin. Jerusalem artichoke is also cultivated as a source of 
inulin. They are totally unrelated to other crops from which pectin is obtained. As can 
be seen from the following list, in the classification of the plant kingdom there is a 
correspondence with sugar beet only at the level of the class (that of the dicotyledons); 

30 the same applies to the citrus fruits and the apple. 
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Sugar beet 


Chicory 


Jerusalem artichoke 


Sub-kingdom 


Connophyta 


Cormophyta 


Cormophyta 


Division 


Spermatophyta 


Spermatophyta 


Spermatophyta 


Sub--division 


Angiospermae 


Angiospermae 


Angiospermae 


Class 


Dicotyledoneae 


Dicotyledoneae 


Dicotyledoneae 


Sub-class 


Caryophyllidac 


Astcridae 


Asteridae 


Order 


Caryophyllales 


Asterales 


Asterales 


Family 


Chenopodiaceae 


Compositae (Asteraceae) Compositae (Asteraceae) 


Genus 


Beta 


Cichorium 


Heiianthus 


Species 


B. vulgaris 


C intybus 


K tuberosus 



Chicory and Jerusalem artichoke pectin can be obtained by extraction of chicory roots 
or pulp and Jerusalem artichoke tubers or pulp, respectively (optionally after washing, 
pressing and comminuting) with water (about 10-30 times the weight of chicory) at 
elevated temperature (at, for example, 70-160 °C) under acid conditions (pH 1-6) for 
15 a few minutes to a few hours. Further working up can be effected by, for example, 
microfiltration, optionally followed by ultrafiltration, and spray-drying or freeze-drying. 
Instead of ultrafiltration, the pectin can be precipitated by alcohol or alcohol/water (about 
2:1), followed by filtration. 

The Asteraceae root pectin thus obtained has properties as specified in the claims: an 
20 average molecular weight of 30-2000 kDa, an arabinose content of 2-30 mol % 
(especially 5-20 mol %), a galactose content of 5-20 mol % (10-15 mol %), a 
rhamnose content of 1-15 mol % (5-10 mol %), a galacturonic acid content of 
30-85 mol % (50-80 mol %), a degree of methylation of the galacturonic acid units of 
20-80 % (35-55 mol %), and a degree of acetylation of the galacturonic add units of 
25 1-50 % (1-30 mol %). In addition to the sugars mentioned, Asteraceae pectin also 
contains small amounts of glucose, mannose and xylose residues. In this context it can 
be pointed out that the composition is partly dependent on the method of extraction. For 
instance, with mild extraction (pH > 3 and/or T < 120 **G) the arabinose content can be 
higher than the indicated value; on extraction at pH 4 - 4.5, 1-5 % rhamnose, 30-60 % 
30 arabinose, 3-6 % galactose and 30-55 % galacturonic acid are found. The final molar 
weight distribution is dependent on the extraction method and can also be adjusted by 
the choice of the filters used and of whether or not to employ precipitation. Chicory and 
Jerusalem artichoke pectin also contains femlic acid residues (0.01 - 0.5 % by wt). 
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Chicory (and Jerusalem artichoke) pectin according to the invention is further 
characterised by the presence of sesquiterpene lactones, such as laetucin and lactucopicrin 
and glucosides and other analogues thereof, at a total level of at least 20 jig/g, especially 
40-300 (xg/g- In particular, the level of lactucin-like compounds in chicory pectin is 

5 between 30 and 200 jxg/g and the level of lactucopicrin is between 10 and 60 [ig/g. 
Lactucin-like compounds include laetucin (9a-hydroxy-3-hydTOxymethyl-7-methyl- 
-ll-methylene-13-oxatricyclo[9,3,0,0'^'^]trideca-3,6~diene-5,12-dione, systematic 
numbering and laetucin numbering deviate), 8-deoxylactucin and their lip,13-dehydro 
derivatives as well as their glucosides; lactucopicrin is the p-^hydroxyphenylacetate ester 

10 of lactudn. For comparison, the level of these compounds in beet pectin is below 8 [xg/g 
and below 3 iig/g, respectively. The concentration of these sesquiterpene lactones can be 
determined by means of specific antibodies using e.g. enzyme-linked immunosorbent 
assay, or by means of high performance liquid chromatography as described by Peters 
and Van Amerongcn (Z, Lebensm. Unters. Forsch. A (1997) 204: 189-193). 

15 The Jerusalem artichoke pectin and especially the chicory pectin according to the 
invention have a low surface tension and a higher viscosity than beet pectin: the surface 
tension is preferably less than 60 mN/m, in particular less than 50 mN/m, for a 01 % 
by wt solution, and the viscosity is 100-300 mPa.s for a 2,5 % by wt solution. It does 
not have any foaming power (Ross & Miles test)« It has excellent emulsifying and 

20 binding properties. The emulsion stability of chicory and Jerusalem artichoke pectin is 
at least as high as that of the same dosage of gum arable or beet pectin. These pectins 
are also more effective than beet pectin as a binder and thickener. Chicory and Jerusalem 
artichoke pectin can also advantageously be used as a soluble dietary fibre. 

The invention relates to chicory root pectin as such but also in combination with other 
25 chicory root constituents, in particular chicory proteins and inulin, and similarly with 
Jerusalem artichoke pectin. A mix preparation can contain, for example, 1-75 % by wt, 
in particular 2-25 % by wt, chicory or Jerusalem artichoke protein or inulin. Chicory 
and Jerusalem artichoke pectin can also advantageously be combined with other pectins, 
in particular citrus or apple pectin, or other emulsifiers, surfactants, solvents, binders or 
30 thickeners. 

Example 1: Preparation of diicory root pectin 

225 g chicory pulp was washed with 10 parts of demineralised water at 50 °C« The wash 
water was removed by pressing. The washed pulp was comminuted by shear treatment 
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to produce a sluny. The sluny was extracted with 6 litres of water (pH 1.5, 85 ""C, 1 
hour), after which the extract was filtered off (cut-off: 80-100 ^m) and decanted. The 
supernatant liquor was thickened with the aid of a vacuum evaporator to a solids content 
of about 4 %. 60-80 % by vol. ethanol (96 %) was added to this concentrate, after 
5 which the precipitate was separated off and dried. The yield of chicory pectin with the 
preparation described is about 15 % based on solids. 

The sesquiterpene lactone concentration was determined by dissolving two 0.5 g samples 
in 5 ml demi water containing cellulase (Onozuka) and Macerozym (1 rag/ml each), 
incubating for 2 h with mixing, centrifuging and usmg the supernatant in an ELISA test 
10 as described by Peters and Van Amerongen, Lebensm, Unters. Forsch. A (1997) 204: 
189-193, as follows. 

Microtitrc plate wells were coated overnight at 4''C with BSA-lactucin or BSA-lactuco- 
picrin at 5 ng/100 [xl PBS. After incubation, the wells were washes three times (350 

fxl/well) with PBS-Tween (01 M PBS, pH 7.5, 0.1 % Tween 20) and blocked with 200 

15 1 of PBS-BSA (0.1 % PBS, pH 7.5, 2 % BSA) at 3TC for 1 h. The plates were stored 
at -20**C until use. Before use, plates were washed three times with 350 |xl of PBS- 
Tween to remove any excess of blocking agent. Then 50 \il of a serial dilution of pectin 
extracts was added to the wells in duplicate, followed by 50 \il of antibody at appropriate 
dilution. For the detection of lactucin-like lactones, a polyclonal antiserum (no. 455) was 

20 used, while for the detection of lactucopicrin, a monoclonal antibody (no. 4H10) was 
used. Serial dilutions of the purified lactones were used as standard. Plates were 
incubated at 37''C for 1 h and washed as described above. Then 100 \i\ of goat anti- 
rabbit IgG-AP or goat anti-mouse IgG-AP in a 1:1000 dilution in PBS was added to 
each welL After incubation at 37°C for 1 h, plates were washed and 200 \il of freshly 

25 prepared substrate buffer (10 mg p-nitrophenyl phosphate in 10 ml of a 50 mM 
carbonate buffer, pH 9.6, 0.5 mM MgCl2) was added. The absorbance at 405 nm was 
determined in a BioRad, model 3550-UV, ELISA reader after 45 min incubation at 
3TC, The BioRad Microplate Manager/PC Data analysis software was used to calculate 
sesquiterpene lactone concentrations in the samples using the standards. Each sample was 

30 measured in triplicate and the ELISAs were performed two to four times. The level of 
lactucin-like lactones was 121 ± 35 (xg/g and the lactucopicrin level was 32 ± 18 jxg/g 
(dry weight basis). 

For two samples of beet pectin, the comparable level of lactucin-like lactones was 3.6 
± 3 (Jig/g and the lactucopicrin level was 1.6 ± 1 \igfg. 
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Example 2: 

A stable lemon oil emulsion consists of: 



Lemon oil 10.0 % 

Chicory pectin LO % 

5 Ester gum 10.0 % 

Sodium benzoate 0.2 % 

Citric acid 02 % 

Water 78.6 % 



The emulsion is prepared by dissolving the chicory pectin in the water and the ester gum 
10 in the oil and homogenising these two phases using a "high shear" mixer. The sodium 

benzoate and the citric acid are added before homogenisation. The degree of emulsi- 

fication is determined by determining the oil droplet size of the emulsion. The emulsion 

stability is determined by visual assessment of the emulsion, measuring^ inter alia/the 

quantity of creamed oiL 
15 Tht emulsion is stable for at least one month. A similar emulsion that contains the same 

quantity of commercial beet pectin (Genu BETA, Hercules^ Copenhagen, DK) instead 

of chicory pectin starts to de-mix after one week. 
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Claims 

1. Pectin, obtained by extraction of Asteraceae root material, having the following 
characteristics: 

- an average molecular weight of 30-2000 kDa, 
5 - an arabinose content of 2-30 mol %, 

- a galactose content of 5-20 mol %, 
a rhamnose content of 1-15 mol %, 

a galacturonic acid content of 30-85 mol %, 
a degree of methylation (of the galacturonic acid units) of 20-80 %, 
10 - a degree of acctylation (of the galacturonic acid units) of 1-50 %. 

2. Pectin according to Qaim 1, obtained by extraction of chicory or Jerusalem 
artichoke material, having one or more of the following characteristics: 

- an arabinose content of 5-20 mol %, 
a galactose content of 10-15 mol %, 

15 - a rhanmose content of 5-10 mol %, 

a galacturonic acid content of 50-80 mol %, 

a degree of methylation (of the galacturonic acid units) of 35-55 %, 

- a degree of acetylation (of the galacturonic acid units) of 1-30 %. 

3, Pectin, obtained by extraction of chicory or Jerusalem artichoke material, having 
20 the following characteristics: 

an average molecular weight of 30-2000 kDa, 
an arabinose content of 30-60 mol %, 
a galactose content of 3-6 mol %, 
a rhamnose content of 1-5 mol %, 
25 - a galacturonic acid content of 30-55 mol %, 

a degree of methylation (of the galacturonic acid units) of 20-80 %, 
a degree of acetylation (of the galacturonic acid units) of 1-50 %, 

4, Pectin according any one of Qaims 1-3, further containing lactucin and 
lactucopicrin and/or glucosides and other analogues thereof, at a total level of at least 20 

30 \ig/g. 
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5. Pectin according any one of Claims 1-4, having one or more of the following 
characteristics: 

a surface tension of less than 60 mN/m, in particular less than 50 mN/m, for a 
01 % by wt solution, 
5 - a viscosity of 100-300 mPa.s for a 2.5 % by wt solution. 

6. A pectin-containing preparation that contains a pectin obtained from chicory 
Jerusalem artichoke in combination with a pectin obtained from a citrus fruit or apple. 

7. A pectin-containing preparation that contains a pectin obtained from chicory 
Jerusalem artichoke in combination with a protein obtained from chicory. 

10 8. A pectin-containing preparation that contains a pectin obtained from chicory or 
Jerusalem artichoke in combination with inulin* 

9. A method for the preparation of pectin, characterised in that chicory or chicory 
pulp or Jerusalem artichoke or pulp thereof is extracted with water at pH 1--6 (in 
particular 1.5 - 3) and 70-160 (in particular 95-140 °C) and is then isolated by 

15 filtration and/or precipitation steps. 

10. Use of the pectin according to one of Claims 1-5 or of a preparation according 
to Claim 6 or 7 as an emulsifier. 

11. Use of the pectin according to one of Claims 1-5 or of a preparation according 
to Claim 6 or 7 as a binder or thickener. 

20 12. Use of the pectin according to one of Claims 1-5 or of a preparation according 
to Claim 6 as a surfactant. 

13. Use of the pectin according to one of Claims 1-5 or of a preparation according 
to Claun 6 as a solvent assistant. 

14. Use of the pectin according to one of Claims 1-5 or of a preparation according 
25 to Claim 6 or 8 as soluble dietary fibre. 
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